Introduction
The expansion of the industrial textile market is good for the textile industry, and automotive textiles in particular are frequent in the media. As shown in Figure 1 .1, proportional to the increase of global motor vehicle production, the use of automotive textiles keeps growing (Chapman, 2010) .
New materials, usage, techniques, and applications are growing extensively due to cost and performance. However, their usage is far more than just reducing cost and weight. Nonwovens often do their job better than other products. A good example is acoustics or noise control. Low road noise is often a factor in a sense of "quality". In manufacturing, nonwovens are often more easily conformed to shapes to help in the fabricating process. Frequently, they offer better "value-in-use" and can be engineered to have specific properties, whether balanced or unidirectional, and can often be combined with other materials, most often woven or knit textiles, in a beneficial way. Over 40 automotive parts utilize engineered nonwovens and the list is growing (Smith, 2004) .
Abstract:
With the increases of the expected properties of textile products, better and advanced new designs are being created. Textiles used in vehicles are increasing, and A large volume automotive fabric, and a major target area for nonwovens, involves carpets. A typical structure of automotive carpet system includes a decorative layer of fibre, thermoplastic material for thermoforming and acoustic and vibration damping layer. The carpet interior has two functions: floor covering for aesthetical reasons and floor insulation for noise barrier and noise absorption.
One of the goals of automotive manufacturers today is to produce a vehicle with the highest possible noise Table 1 .1 lists typical nonwoven applications for auto interior production. The biggest portion of the nonwoven usage in a car is carpet (in both passenger and trunk compartment areas) and insulation, accounting for 73% of the total nonwoven usage.
A breakdown of major nonwoven usage include areas such as carpet (43%), headliner (6%), hood liner (10%), trunk (13%), insulation (17%), door panels (1%), seating (6%), package trays (3%), and other miscellaneous areas (1%) (Smith, 2004) . Table 1 .2 lists the parts of an automobile where nonwovens are used. 
EXPERIMENTAL STUDY

Materials
The materials used in the design and development of sound absorber nonwovens include SBR Latex, polyester fibre that has a form of nonwoven carpet, PE powder and hard layer, which is composed of polyester, polypropylene and bicomponent fibres, heavy layer that is felt made of EVA rubber or EPDM.
Modelling of Nonwovens
Model I
For the baggage carpets, three models were designed, which is shown in Table 2 .1.
The designs consist of felt as the upper layer for absorbing, and hard or heavy layer as the lower layer, which is involved for transmission loss function. In between, there are SBR latex and PE for binding purposes in the models.
Model II
For the floor carpets, six models were designed, which is shown in Table 2 .2.
In these models, as the same as luggage carpets, felt functions as an absorbing layer. Heavy and hard layer provide transmission loss properties. SBR Latex and PE are binders in between the upper and the lower layers.
absorption, as the hazards from noise are diversity and harmful. It not only seriously affects human health, it also affects the life of buildings and equipment [Hong Z. et al, 2004 , Yuheng L., 2001 ]. More and more people have gradually realized that noise has become a huge hazard to human health and environmental pollution. Therefore, effective prevention of noise pollution has become a hot topic around the world. The ability to reduce noise inside the vehicle enhances the perceived value of the vehicle to the consumer and offers a competitive advantage to the manufacturer [Ming M. et al, 2011] . Therefore, engineers working in research departments at carpet manufacturers as well as universities apply much effort to the reduction of noise and vibration in an automobile. These efforts are made by using sound absorptive materials and by designing structural compositions.
The silencer parts that researched in this study are included at every car although they are ignored or even unknown by customers who purchased. The components included are floor carpet, trunk carpet, felts under the hood, etc. This seemingly minor parts cost very little and as a result of research and development activities, fairly high level of sound insulation and in-car comfort can be provided.
In fact, simple plugins and coatings to the car components to reduce the noise level in the car is a fairly simple process. By 10% of investment costs of the optional seat heating system fitted to the vehicle, all the parts in the car can be produced to absorb 30 % more sound. The results of this study are also a proof of this theory. Hard layer (g) 500
Heavy layer (g) 1200 1600 Hard layer (g) 500 500
Heavy layer (g) 1200 1600 2300 they can be: the impedance tube method, ultrasound method, extended surface method, guard tube method or reverberant room method [Grimberg R. et al, 2011] . One of the widely used methods to determine the acoustic properties (absorption coefficient, impedance ratio, reflection coefficient) is the international standardized impedance tube method, which is shown in Figure 2 .3.
To determine the absorption coefficients, the set-up measurement chain presented in Figure 2 .4 was used.
First, the equipment without samples was prepared, to configure the microphones and to calibrate them using the calibration function from Pulse soft [ISO 10534-1:1996 Part 1, SR EN ISO 10534-2 Part 2]. Then, each sample was properly inserted into the tube and the measurements started. The generated noise was connected to the amplifier and the tube filter emitted the set signals. The emitted signal and reflected signal were captured by microphones and transmitted to Pulse hardware and displayed with the Pulse soft.
The acoustical properties of the test sample were tested in the frequency range of 16-6300 Hz. This system tests a sound absorptive material, processes the results and reports the results in a graph of the absorption coefficient in various frequencies. Thus, the absorption coefficient of each sample was obtained.
RESULTS AND DISCUSSIONS
Sound Absorption Test Results of Model I
The sound absorption test results of baggage carpets are shown in Table 3 .1 and Figure 3 .1.
Model III
For inner dash felts, two models that comprise the upper layers of thermoplastic felt and polyurethane for absorbing function and heavy layer for transmission function were designed (Figure 2 .1). 
Model IV
In the models of hood liners in the car, absorbing felt, which consists of different components, was used instead of heavy or hard layer where transmission loss is obtained (Figure 2 .2). 
Development of Nonwovens
Each web was processed through the needle-punching machine three times to develop the complete nonwoven.
Sound Absorption Coefficient and Transmission Loss Testing by Impedance Tube Method (ASTM E 1050)
The sound absorption is one of the most important acoustical properties of the porous materials used for sound insulation products having the role of sound barriers, walls, and road surfaces [Curtu I., 2010] . Depending on the type of materials and products, the range of frequencies and applications, the measurement methods of absorption coefficient vary and Figure 3 .3 show the sound absorption test results of inner dash felt models.
Sound Absorption Test Results of Model IV
The sound absorption test results of hood liners are shown in Table 3 .4 and Figure 3 .4.
Transmission Loss Test Results of Model I
Transmission loss test results of baggage carpets are shown in Table 3 .5 and Figure 3 .5.
Transmission Loss Test Results of Model II
Transmission loss test results of floor carpets are shown in Table 3 .6 and Figure 3 .6.
According to the results in Table 3 .1, the rates of sound absorption increases with the increase of frequency values. At the 6300 Hz, Sample 2 has 79%, Sample 3 has 68% sound absorption capacities, while sample 1 has only 47% capacity. It shows that Sample 2 is the most effective design among these models.
Sample 1 has three layers, the others comprise four layers. Amongst the four-layer composites models, strongest absorption value was found with the sample consisting of 1200 g heavy layer. Table 3 .2 and Figure 3 .2 demonstrate the sound absorption test results of floor carpet models.
Sound Absorption Test Results of Model II
In the light of values in the table, Sample-1 has had the highest sound absorption performance. 80% of sound absorption has been provided at 6300 Hz. The materials for floor carpeting were used to improve the acoustic in the car. For the acoustic properties, the heavy layer and hard layer materials were clearly found to come out in sound absorption and transmission loss test performance.
In the baggage carpet design, it is aimed to increase sound absorption of outside noise coming into the passenger area. Sample-2 had better results in the sound absorption, and Sample-4 was fairly found to have better results in transmission loss tests. Both samples consist of heavy layer.
CONCLUSIONS
The aim of the study was to develop and design different layering composites for improving the sound insulation properties of silencer parts in the car. Four different models were designed and produced by needle punching. Absorption coefficients and acoustic impedance results have been evaluated.
Discussions of the Results
While designing the models, layer components were determined according to the material properties. The materials situated on the top layer with more volume, porous structure and low density have better sound absorption performance, while the lower layer material in the composite comprised highdensity materials.
The sound frequencies of four areas selected in the car are different. In the automobile textiles industry, textile materials used in the section of the dashboard and under the hood of the car are expected to show sound absorption performance. Therefore, it is focused on only sound absorption performance for these areas and these tests were performed. In test samples designed for the dashboard, obtained result of sample-1 was better due to the use of thermoplastic felts. In the tests of hood liners, the sample including phenol + cotton felt was found to have better sound absorption performance. This proves that the felt is a strongly necessary component for sound absorption properties of automobile textiles. 
